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Description 



Combustion chamber, in particular of a gas turbine 

The invention relates to a combustion chamber, in particular 
of a gas turbine, having an outer wall structure that 
surrounds an internal area, and an inner wall offset from the 
wall structure. The invention also relates to a suspension 
device for such a combustion chamber as claimed in the 
preamble of claim 10. 

Usually the surfaces of a combustion chamber exposed to the 
hot gas are cooled by means of impingement cooling, wherein 
the cooling medium used for cooling impinges practically 
vertically on a surface to be cooled. This type of cooling is 
very effective, but the cooling medium experiences a large 
pressure loss in the process as a result of the impingement on 
the surface to be cooled. 

In a gas turbine, air taken from an air stream generated by a 
compressor is normally used as the cooling medium. If 
impingement cooling is the main cooling method employed here, 
then, owing to the large pressure loss occurring in the 
process, once cooling is complete, the air used in the process 
normally can no longer be used for the combustion because the 
mass flow rate of the cooling air is too low after the 
cooling. Thus once cooling is complete, the cooling air is no 
longer available for the combustion. This means there is no 
alternative but to accept a loss of air that typically ranges 
from 4 to 8 % of the mass flow rate generated by a compressor. 
In addition, such a loss of air leads to a reduction in the 
efficiency of the turbine. 



DE 197 51 299 C2 discloses a combustion chamber that has a 
wall structure surrounding an internal area and an inner wall 
offset from this wall structure. 
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An intermediate wall having orifices through which cooling 
steam passes for impingement cooling of the inner wall is also 
arranged in the intermediate area formed by the wall structure 
and the inner wall. 

The combustion chamber is steam cooled, wherein the cooling 
steam enters an outer cooling area, passes from here through 
the orifices into an inner cooling area and there cools by 
impingement cooling the side of the inner wall not facing the 
hot gas. 

The disadvantage here is that the cooling medium - cooling 
steam in this case - suffers a large loss in pressure as a 
result of the impingement cooling. If cooling air were to be 
used instead of cooling steam in the combustion chamber 
described, then the cooling air flow would no longer be usable 
for the combustion because of the large pressure loss. 

It is therefore the object of the invention to specify a 
combustion chamber, in particular of a gas turbine, having a 
wall structure that surrounds an internal area, and an inner 
wall offset from the wall structure, that is easy to 
manufacture and, in particular, overcomes the disadvantages 
described. 

The object is achieved according to the invention by a 
combustion chamber, in particular of a gas turbine, having an 
outer wall structure that surrounds an internal area, and an 
inner wall offset from the wall structure, wherein the inner 
wall is formed by the surface of a housing arranged in the 
internal area and said combustion chamber can be cooled 
essentially by convection by an air stream flowing between the 
outer wall structure and the inner wall, the air stream being 
conducted in a closed cooling air channel. 
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In this arrangement the surface of the housing and the outer 
wall structure form the cooling air channel, which, among 
other functions, prevents cooling air escaping directly into 
the combustion area of the combustion chamber. 

In this respect it is a closed cooling system. The cooling air 
travels along the inner wall formed by the surface of the 
housing, cooling it by convection. 

The air conducted in the cooling air channel can be fed 
directly through the burner, then taking an active part in the 
combustion process. Thus there is essentially only one defined 
outlet orifice for the cooling air out of the cooling air, 
namely in the region of the burner, in order to feed the 
cooling air to the burner. 

With convective cooling, the loss in pressure of the cooling 
air is considerably lower than with impingement cooling. Thus 
the combustion chamber according to the invention overcomes 
the disadvantages of the prior art. Furthermore, conducting 
the cooling air in a closed cooling system avoids a loss in 
cooling air that arises from cooling air entering the 
combustion area of the combustion chamber directly. 

In an advantageous embodiment of the invention, the housing is 
split in a maximum of one sectional plane. The housing is thus 
composed of at most two prefabricated sections. 

In this way, when the housing is joined together, only one gap 
is created that needs to be sealed against the entry of 
cooling air into the combustion area located inside the 
housing in order to avoid air losses. 

Advantageously, the housing is made of sheet metal, in 
particular having a wall thickness between 3 mm and 10 mm. 
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Sheet metal is a material that can be manufactured and 
processed economically and has a high heat resistance. The 
preferred range of sheet-metal wall thicknesses cited results 
in a particularly thin inner wall. Since convective cooling 
takes place in the combustion chamber according to the 
invention, the cooling air stream moving relatively slowly 
along the outer side of the inner wall, a thin inner wall is 
particularly advantageous because it can be cooled more easily 
by a slow convective air flow than a thicker inner wall. 

In an advantageous embodiment of the invention, the housing 
extends from a burner projecting into the internal area to a 
hot gas outlet orifice in the combustion chamber. 

In this advantageous embodiment of the invention, practically 
all of the sub-area of the internal area essential for the 
combustion is surrounded by the housing, and the cooling used 
according to the invention hence encompasses practically the 
whole combustion area, since this area is surrounded by the 
inner wall of the housing. Thus it is not necessary to provide 
additional cooling measures for other areas of the combustion 
chamber . 

Advantageously, the housing is interlocked with the wall 
structure in the area of the hot gas outlet orifice. 

During operation of the gas turbine, large temperature changes 
occur, in particular in the combustion chamber, which cause 
expansion and contraction of the housing in both the radial 
and axial directions with respect to an axis orientated in the 
lengthwise direction of the combustion chamber. The housing is 
hence to be arranged in such a way that the expansion and/or 
contraction described above is possible without damaging the 
combustion chamber. An interlocking joint is a mounting that 
is particularly easy to manufacture and also allows movement 
(expansion/contraction) of the interlocked structure: one edge 
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of the sheet-metal housing, preferably the edge at the end 
where the hot gas outlet orifice is located, is provided with 
a radial flange (i.e. arranged essentially normal to the 
surface) that is inserted in a slot made in the wall 
structure. This interlocking joint is advantageously designed 
so that the slot is slightly wider than the flange so as to 
implement an interlocking joint with inherent play. Thus axial 
expansion or contraction of the housing as a result of 
temperature changes is possible in the area of the 
interlocking joint without damaging the interlocking joint. 
The interlocking joint also has the advantage of 
simultaneously achieving a seal between the housing and the 
wall structure. 

In order to guarantee radial expansion of the housing, the 
flange advantageously comprises at least one slit so that the 
flange is no longer so rigid in the radial direction and can 
be reversibly deformed more easily; to maintain the seal of 
the flange, the slit should be provided with a seal. 

Preferably, the housing is interlocked with the wall structure 
only in the area of the hot gas outlet orifice. 

In a further advantageous embodiment of the invention, the 
wall structure has at least one cooling-air inlet orifice in 
the area of the hot gas outlet orifice. 

Cooling air can be fed via these orifices into the cooling air 
channel formed by the inner wall and the wall structure. At 
the point at which the cooling air enters the airway, the 
section of the housing located there is cooled by impingement 
cooling. All other sub-areas of the inner wall are 
convectively cooled by the cooling air traveling along the 
outer face of the inner wall after entering the cooling air 
channel . 
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Advantageously, the housing has stiffening ribs on its 
surface. 

The stiffening ribs not only improve the rigidity of the 
housing but also serve as cooling fins. Advantageously, the 
stiffening ribs are arranged in an axial direction on the 
surface of the housing. The height and width of the ribs can 
be designed so that only low stresses arise. 

In a further advantageous embodiment of the invention, in the 
area of the burner the housing has a device for insertion of 
the burner. 

The burner is an essential component of the combustion chamber 
and hence it should be possible to arrange it as easily and 
flexibly as possible. A device for insertion of the burner is 
particularly suitable for this purpose, said device being a 
part of the combustion chamber according to the invention. A 
separate burner insert that is pushed into the device for 
insertion of the burner can also be provided as a receptacle 
for the burner. 

In a further advantageous embodiment of the invention, the 
housing is suspended on the wall structure by means of a 
suspension device. 

A suspension device is a particularly suitable means of 
arranging the housing in the combustion chamber. When the 
housing is suspended in the combustion chamber, then an 
intermediate area forming the cooling air channel is created 
between the surface of the housing and the wall structure. The 
design of the suspension device can hence also have an effect 
on the form of the cooling air channel. Furthermore, the 
suspension device allows expansion and/or contraction of the 
housing with changes in temperature. 
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Advantageously, the suspension device is formed by a plurality 
of fixing elements that are arranged around the perimeter of 
the housing and connected to the wall structure under tension. 

By applying a tension to the fixing elements, the position of 
the housing within the combustion chamber is stabilized. By 
arranging a plurality of fixing elements around the perimeter 
of the housing surface, the forces acting on the housing are 
distributed particularly uniformly. 

Advantageously, the fixing elements are spring mounted at the 
end adjoining the wall structure. 

The spring mounting serves not only to provide a tension, but 
also to damp vibrations that the housing is subject to, for 
example when loads change during operation of the turbine 
and/or as a result of temperature fluctuations. 

It is particularly advantageous if the suspension device is 
designed such that the suspended housing can move both axially 
and radially with respect to an axis running in a lengthwise 
direction of the combustion chamber. 

In this way it is ensured that thermal expansion or 
contraction of the housing is possible in practically all 
directions without the suspension device and/or the combustion 
chamber being damaged. Since large temperature changes occur 
very frequently during operation of the turbine, it is 
necessary to provide a possibility for expansion or 
contraction of those parts of the gas turbine that come into 
contact with the hot gas. It should be taken into account here 
that despite creating a possibility of expansion or 
contraction, those parts of the turbine involved must be 
guaranteed to be sealed against loss of gas, cooling air 
and/or steam in order to ensure steady operation of the 
turbine and high efficiency. 
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In a further advantageous embodiment of the invention, the 
fixing elements comprise bolts, each of which have at a first 
end an essentially hemispherical bolt head that is seated so 
5 as to allow tilting in a recess in a bolt holder mounted on 
the housing end, said recess being essentially hemispherical 
in cross-sectional view. 

The bolt holder, which is mounted on the housing end, is 
10 preferably a U-shaped fastening welded onto the housing. 

Owing to the hemispherical shape of both the recess of the 
bolt holder and the bolt head, a seating is created that 
allows tilting of the bolt in particular. Such tilting actions 
15 occur in particular during movements of the housing suspended 
in the combustion chamber caused for example by temperature 
changes . 

Advantageously, the second end of each bolt is fed through a 
20 guide hole in the wall structure and through a compression 
spring on the outer side of the wall structure, the 
compression spring being compressed against the outer side of 
the wall structure by means of a washer held at the second end 
of the bolt. 

25 

In this embodiment, a compression spring provides the tension 
under which the housing is connected to the wall structure. 
Compression springs are also particularly suitable, low-cost 
and versatile spring elements that can be used to provide both 
30 tension and damping. 

It is particularly advantageous if the guide hole, viewed in 
cross-section, has a narrowing which damps radial and/or axial 
movement of the housing. 

35 
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The guide hole is preferably wider than the bolt thickness so 
that the bolt can be fed through the guide hole easily. If the 
bolt then moves with the housing as a result of temperature 
changes for example, then such a guide hole makes little 
contribution to deliberate damping of these movements and 
hence to the rigidity of the combustion chamber; this is why 
the guide hole is narrowed in this advantageous embodiment, so 
that the bolt which moves in the guide hole rubs against the 
narrowing, thereby damping movements and/or vibrations of the 
housing by friction. 

In a combustion chamber according to the invention (annular 
combustion chamber), individual combustion chambers (cans) can 
also be provided, distributed around the perimeter of the 
combustion chamber, each forming a separate combustion chamber 
for a burner arranged in each one. This reduces in particular 
the noise generation, during operation of the gas turbine 
because the individual contributions from the burners to the 
overall noise generation are decoupled from each other and no 
noise vibrations can build up. Furthermore, the individual 
combustion chambers can each have an inner housing similar to 
the construction of the combustion chamber according to the 
invention. 

Thus in a further advantageous development of the invention, a 
combustion chamber is obtained that is connected to at least 
one individual combustion chamber, the housing of the 
combustion chamber being connected to at least one inner 
housing of an individual combustion chamber in such a way that 
during operation of the combustion chamber the thermal 
expansion component of the inner housing in the radial 
direction is essentially equal to the thermal expansion 
component of the housing in the radial direction. 

In this way it is ensured that cooling air used to cool the 
housing of the combustion chamber and/or inner housing of the 
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individual combustion chambers does not escape accidentally 
into the interior area of the combustion chamber through a gap 
formed at the joint between housing and inner housing, and so 
is not lost to the combustion. 

In a further advantageous development of the invention, the 
housing is supported in the area of a hot gas outlet orifice 
and in the area of a burner installation receptacle. 

During operation of the gas turbine, the housing is subject to 
deformations caused by the thermal expansion forces that 
arise. This means that the housing expands and/or contracts 
both with respect to its longitudinal orientation and across 
its width (radial direction) . 

In order to permit said thermal expansion movements, the 
housing is suspended in a self-supporting arrangement, i.e. 
only supported in the area of a hot gas outlet orifice and in 
the area of a burner installation receptacle. Thus the housing 
can swing freely between said supports, taking up movements of 
the housing. 

The burner installation receptacle is advantageously designed 
as an inner housing of an individual combustion chamber or as 
a burner receptacle, in particular as a burner slide-in 
receptacle. 

The given embodiments for the burner receptacle take into 
account both the embodiment of the combustion chamber 
according to the invention as a simple annular combustion 
chamber, and as an annular combustion chamber having 
individual combustion chambers (cans) attached to it. If the 
combustion chamber is implemented as a simple annular 
combustion chamber, then the burner installation receptacle is 
designed as a burner receptacle, i.e. the burner is arranged 
in such a way that it is introduced directly into the annular 
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combustion chamber. Where the combustion chamber according to 
the invention is implemented as an annular combustion chamber 
connected to individual combustion chambers, the burner 
installation receptacle is designed as an inner housing of 
each individual combustion chamber. In both cases, the housing 
is therefore suspended in a self-supporting arrangement. 

Advantageously, the surface of the housing is curved. 

The use of a curved housing surface, in particular 
manufactured by forging, increases the inherent rigidity of 
the housing, so that even a small thickness for the housing is 
sufficient to ensure its rigidity. 

In a further advantageous embodiment of the invention, the 
housing consists of a number of housing sections, in 
particular of a number of groups of housing sections each 
comprising four housing sections. The housing sections have 
longitudinal ribs extending essentially over their entire 
length, which, when viewing the exposed edge of each 
longitudinal rib from above, run practically in a straight 
line . 

The use of longitudinal ribs on the housing or housing surface 
increases the rigidity of said sections. In addition, said 
longitudinal rib can be used to secure the position of the 
housing inside the gas turbine combustion chamber. The use of 
a plurality of housing sections has the advantage, for 
example, that when repairing the housing, only the housing 
sections to be replaced need to be removed and changed rather 
than the complete housing. 

Advantageously, the longitudinal ribs are each inserted in 
corresponding negatively shaped longitudinal slots in the wall 
structure . 
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In this way, the housing sections are held in position 
particularly easily by the longitudinal ribs, one of whose 
functions is to increase the rigidity of the housing sections, 
doubling as guide ribs inserted in longitudinal slots in the 
wall structure. 

It is particularly advantageous when the housing sections have 
circumferential ribs, which, when viewing the exposed edge of 
each circumferential rib from above, run in a curved path. 

Advantageously, the circumferential ribs are each inserted in 
corresponding negatively shaped circumferential slots in the 
wall structure. 

Movements in the circumferential direction, for example, are 
taken up by the circumferential ribs so that the housing 
sections cannot move arbitrarily in the circumferential 
direction. The embodiment described also has the advantage 
that the housing composed of a plurality of housing sections 
can be dismantled particularly easily because the housing 
sections can be dismantled and removed from the end for a 
burner installation receptacle without having to open up the 
external wall structure. This is possible because the housing 
sections with their circumferential ribs running in a curved 
path are inserted in circumferential slots inclined at 
correspondingly different angles in the wall structure, so 
that the housing sections can be pulled out easily from the 
end for a burner installation receptacle. 

Four exemplary embodiments of the invention are shown in more 
detail below, in which: 

FIG 1 shows a longitudinal section through a combustion chamber 
according to the invention, 



WO 02/088601 



13 



PCT/EP02/04540 



FIG 2 shows a plan view of a sub-area of the surface of the 
housing of a combustion chamber according to the 
invention, 

Fig 3 shows a fixing device as part of a suspension device for 
a combustion chamber according to the invention, 

FIG 4 shows a combustion chamber according to the invention 
that is connected to a number of individual combustion 
chambers , 

FIG 5 shows a detailed view of a combustion chamber according 
to the invention connected to an individual combustion 
chamber, 

FIG 6 shows a plan view of the individual combustion chamber of 
FIG 5, 

FIG 7 shows a combustion chamber according to the invention 

having a self-supporting housing, 
FIG 8 shows a combustion chamber according to the invention 
having a self-supporting housing, said combustion chamber 
being connected to an individual combustion chamber, 
FIG 9 shows a housing of a combustion chamber according to the 
invention, said housing consisting of a plurality of 
individual parts, 
FIG 10 shows a housing of a combustion chamber according to 
the invention connected to an individual combustion 
chamber, said housing consisting of a plurality of 
individual parts. 

FIG 1 shows a combustion chamber 5 in longitudinal section. A 
wall structure 10 forms an outer shell of the combustion 
chamber and surrounds an internal area 8. 

The internal area 8 is also surrounded by a housing 15, whose 
housing jacket is offset from the wall structure 10, so that a 
cooling air channel 20 is formed between the wall structure 10 
and the housing 15 . 
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The housing 15 is connected to the wall structure 10 in this 
exemplary embodiment in two different ways: 

An interlocking joint 30 holds in position the section of the 
housing 15 located in the area of a hot gas outlet orifice 28. 
in addition, the housing 15 is connected to the wall 
structure 10 by means of a suspension device formed from a 
plurality of fixing elements 60. These fixing elements 60 are 
preferably distributed uniformly over the surface of the 
housing 15 both in the axial direction A and in the radial 
direction R, and are fed through guide openings 70 in the 
corresponding positions in the wall structure 10. A fixing 
element as part of the suspension device is shown in more 
detail in FIG 3. 

5 

The combustion area of the combustion chamber 5 according to 
the invention is located inside the housing 15. The combustion 
is maintained by a burner 25 that projects into the internal 
area 8. In the present embodiment, the burner 25 is placed in 
!0 a burner insertion device 42. Here the burner insertion 
device 42 may be designed as a slide-in receptacle, for 
example, so that the burner 25 can easily be pushed into the 
combustion chamber and out again. 



25 



30 



35 



During operation, the combustion chamber 5 according to the 
invention is cooled essentially by convection. A cooling-air 
stream L entering the cooling air channel 20 through cooling- 
air inlet orifices 40 in the wall structure 10 travels along 
the surface of the housing 15 and thereby cools by convection 
the wall of the housing 15 exposed to the hot gas on its side 
facing away from the hot gas. The cooling air L is conducted 
through the burner 25, where it actively promotes the 
combustion as a supplier of oxygen; thus there is essentially 
only one defined outlet orifice for the cooling air out of the 
cooling air channel, namely at the position of the burner, in 
order to feed the cooling air to the burner. Impingement 
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cooling takes place practically only directly after the 
cooling air stream L has entered the cooling air channel 20 
through the cooling-air inlet orifices 40, when the cooling 
air stream L impinges practically vertically on that part of 
the surface of the housing 15 located there. By far the 
largest proportion of the surface of the housing 15 is not 
cooled by impingement cooling, but by convection by the 
cooling air stream L, which travels along the housing surface 
in parallel with it, thereby removing heat from it. 

A major advantage of the combustion chamber according to the 
invention lies in the fact that owing to the closed cooling 
used, not only is air loss prevented because the cooling air 
cannot escape directly into the combustion chamber, but also, 
owing to the principle of convective cooling employed in the 
combustion chamber according to the invention, only slight 
loss of pressure occurs during the cooling process, so that 
there is practically no negative impact on the efficiency of 
the turbine. 

The housing 15 is preferably made of sheet metal having a wall 
thickness in the range 3 mm to 10 mm. This is a relatively 
thin inner wall formed by the surface of the housing 15, one 
side of said inner wall being exposed directly to the hot gas. 
Such a thin inner wall can be cooled well by a relatively 
slow, convective cooling air L, because the thermal capacity 
of a thin wall is less than that of a thicker wall, and thus 
even a slow cooling air stream is sufficient. 

The housing 15 is advantageously split just once (i.e. in one 
sectional plane) so that when the two sections of the housing 
are joined together there is only one gap that needs to be 
sealed against the entry of cooling air L into the internal 
area 8 or against the escape of hot gas out of the internal 
area 8 into the cooling air channel 20. An almost optimal 
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reduction in cooling-air loss and pressure loss is achieved in 
this way. 

The inner surface of the housing 15 facing the hot gas is 
advantageously provided with a layer of thermal insulation, 
thereby further improving the cooling of the housing. 

Considerable temperature changes occur during operation of the 
combustion chamber 5, with the result that the housing 15 in 
particular, whose inner surface is in direct contact with the 
hot gas, expands or contracts in both the axial direction A 
and the radial direction R as a function of the current 
operating temperature of the combustion chamber 5. The 
aforementioned interlocking joint 30, which includes a flange 
32 inserted in a slot in the wall structure 10, has the 
advantage both that cooling air channel 20 at the location of 
the flange is sealed against loss of cooling air, and also 
that the housing 15, while being held in position in the area 
of the interlocking joint 30, can still expand and/or contract 
both in the axial direction A and in the radial direction R. 
Thus the interlocking joint 30 ensures practically a rest 
position of the housing 15, without it restricting the 
necessary expansion possibilities of the housing 15 during 
operation. 

The cooling air flow rate and hence the velocity of the 
cooling air stream L can be influenced by the size of the 
cooling-air inlet orifices 40. 

FIG 2 shows a plan view of a sub-area of the surface of the 
housing 15 of a combustion chamber according to the inventxon, 
where the wall structure 10 has not been shown. 

To stiffen the housing 15. stiffening ribs 50 are provided 
which are preferably arranged on the surface of the housing in 
axial direction A. The height and width of the stiffening 
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ribs 50 are designed to avoid any excessive stresses arising. 
Apart from contributing to improving the rigidity properties 
of the housing 15, the stiffening ribs 50 also contribute to 
improved cooling of the housing 15, because during operation 
of the combustion chamber they act as cooling fins, with 
cooling air traveling past them and dissipating heat. 

Fixing elements 60 are also located on the sub-area shown of 
the surface of the housing 15. 

The fixing elements 60 comprise bolts 62 which, at the end 
located at the surface of the housing 15, are seated in bolt 
holders 68. More details are shown in FIG 3 below. 

15 FIG 3 shows a detailed view in particular of a fixing 
element 60 that can be used in the suspension device according 
to the invention. The fixing element 60 together with the 
housing 15, bolt holder 68 and the wall structure 10 are shown 
here in longitudinal section. 

20 

Bolt holders 68 are mounted, in particular welded, onto the 
surface of the housing 15 not facing the hot gas, and the 
bolts 62 are seated in these. 

25 The figure shows just one fixing element from the plurality of 
fixing elements of the suspension device according to the 
invention . 

The bolt holder 68 has a recess 66 that is essentially 
30 hemispherical in shape. A bolt head 64 of a bolt 62 is fed 
through a hole in the bolt holder 68. The bolt head 64 is 
located with a form-fit in the recess 66 so as to allow 
tilting of the bolt. 

35 The wall structure 10 has guide holes 70, the shafts of the 
bolts 62 projecting through these beyond the wall structure 10 
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into an outer area 82. In the outer area 82, the bolts 62 are 
fed through compression springs 72, which provide a tension 
for the suspension device and hence guarantee its rigidity 
while simultaneously permitting movements of the housing 15, 
5 especially in radial direction R, which occur in particular 
with temperature changes. 

The compression of the compression spring 72 is set by a 
washer 74 which is fixed in a desired position by a nut 78 on 
10 a thread 80 of the bolt 62. 

The guide hole 70 preferably has a narrowing 7 6 in its 
diameter. As a result of the narrowing 76, vibrations arising 
from movement of the housing 15, especially in radial 
15 direction R, are damped by the bolt 62 rubbing against the 
narrowing 76, thereby suppressing unwanted vibration of the 
housing 15. The compression spring 72 can be inserted in a 
recess of the wall structure 10 and hence secured in position. 

20 The fixing element 60 shown in detail in FIG 3 is particularly 
suitable for use with a suspension device according to the 
invention. 

A multiplicity of such fixing elements 60 are used, each 
25 spring-mounted to tension the housing 15 against the wall 
structure 10. The bolt holders 68 are preferably U-shaped. The 
hemispherical recesses 66 of the bolt holders 68 mean that 
axial movements A of the housing 15 are possible, because the 
hemispherical bolt head 64 can perform movements in axial 
30 direction A in the hemispherical recess 66. In this case a 
hole 84 having a diameter larger than the diameter of the 
shaft of the bolt 62 is particularly advantageous. 

Preferably, the guide hole 70 is also designed so that the 
35 shaft of the bolt 62 can move in it in axial direction A. 
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Movements of the housing 15 in radial direction R are damped 
by the compression spring 72. 

The bolt head 64 can be flattened on two opposite sides so 
that it can be inserted particularly easily into the bolt 
holder 68 through the hole 84. If the bolt 62 is then rotated 
through 90°, it hence cannot slip out of the bolt holder 68 
through the hole 84. To prevent accidental rotation of the 
bolt 62. a rotation locking device should advantageously be 
provided on the end located at the wall structure 10. The 
bolt 62 can thus be easily inserted or released during 
maintenance, for example, without the fear of accidental 
release of the bolt during operation of the combustion 
chamber, for instance as a result of vibrations of the bolt. 

A suspension device according to the invention for a 
combustion chamber according to the invention achieves a 
stable rest position of the housing 15 by means of the 
tensions of the fixing elements set using springs. During 
0 operation of the combustion chamber, the movements of the 
housing 15 both in axial direction A and radial direction R 
arising particularly from temperature changes are allowed, so 
that the housing is not damaged by excessive stresses. These 
movements are also damped, preventing too large an amplitude 
25 of movement, which can destroy the housing. Thus a good 
compromise between rigidity and flexibility is achieved. 

FIG 4 shows a housing 15 < of a combustion chamber according to 
the invention, said housing being connected to a murber of 
30 individual combustion chambers 93. 

Each of the individual combustion chambers 93 is surrounded by 
an inner housing 90 and, not shown in the figure, an outer 
housing surrounding the inner housing. The support structure 
35 for the combustion chamber according to the invention is also 
not shown in FIG 4. The details of a connection 95 between the 
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housing IS' and an individual combustion chamber 93 are shown 
in more detail in FIG 5 including the cooling air channel 
according to the invention. 

The individual combustion chambers 93 provide a separate 
combustion area for each burner to be inserted in the 
individual combustion chambers, so that the total combustion, 
which is maintained by the sum of the burners, is as free as 
possible from unwanted coupling effects between the individual 
burners (for example those of noise generation). 

The connection 95 between the combustion chamber according to 
the invention and an individual combustion chamber 93 is shown 
in detail in FIG 5. 



15 



The individual combustion chamber 93 is surrounded by an inner 
housing 90, which in turn is surrounded by an outer 
housing 96. The latter is, for example, connected to the wall 
structure 10' of the combustion chamber by means of a flange 
20 connection 110. The inner housing 90 is advantageously 
connected to the housing 15' by means of a tongue-and-groove 
joint 125, so that play in direction A' is maintained, 
allowing the inner housing 90 to expand in direction A~ as a 
result of thermal expansion of the inner housing occurring 
25 during operation. 

The inner housing 90 of the individual combustion chamber 93 
also has a burner insert 42 ' for holding a burner (not shown). 

30 Furthermore, the inner housing 90 is connected to the outer 
housing 96 so as to allow movement in orientation A~ by means 
of a plurality of slide-in receptacles 91. 

in order to stabilize the position of the inner housing 90, 
35 support elements 120 are provided that preferably run at an 
angle from the outer housing 96 to the inner housing 90, and 
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which particularly advantageously damp expansion of the inner 
housing 90 in radial direction R~ . The support elements 120 
can be welded onto the respective housing either at the end 
adjoining the outer housing 96 or at the end adjoining the 
inner housing 90, or at both of said ends. It is particularly 
advantageous when the cooling air stream L~ can flow through 
the supporting elements 120, so that cooling of both the 
combustion chamber according to the invention and the 
individual combustion chambers is provided by the cooling air 
stream 1/ ; the supporting elements can have a fork-shaped 
design for this purpose, for example, so that the cooling air 
stream 1/ can flow essentially unhindered through the prongs 
of the fork-shaped supporting elements. 

The orientation A N of the individual combustion chambers is 
advantageously arranged such that the thermal expansion both 
of the housing 15' and of the inner housing 90 occurs as far 
as possible in direction A* , and only a small proportion of 
each occurs normal to this in direction R~ . In such an 
embodiment, the thermal expansion component 100 of the inner 
housing 90 in direction R' is practically equal to the thermal 
expansion component 105 in direction R' of the housing 15' 
(where both components are relatively small as already 
mentioned). Thus, during operation, thermal expansions mainly 
occur in direction A' , which are allowed by the simple to 
implement tongue-and-groove joint 125. In addition to their 
simple implementation, a feature of tongue-and-groove joints 
is that they can be made practically airtight, thus preventing 
the undesirable situation of some of the cooling air stream 1/ 
entering the individual combustion chambers 93 and hence being 
lost to the combustion. 

Like the tongue-and-groove joint 125, the flange 
connection 110 can very easily be made airtight, with the 
result that the cooling air stream 1/ can be fed practically 
without losses to the burner (not shown) of the individual 
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combustion chancer 93, so that the cooling air stream L' takes 
an active part in the combustion. 

The supporting elements 120 can, for example, have a fork- 
shaped design and be made of sheet metal. In this way, the 
cooling air stream L' can pass through the supporting 
elements 120 without significant obstructions, and be fed 
practically without loss of pressure to the burner of the 
individual combustion chamber. 

FIG 6 shows a plan view of the inner housing 90 of an 
individual combustion chamber 93 from FIG 5. 

The inner housing 90 is surrounded by an outer housing 96. The 
inner housing 90 is connected to the outer housing by means of 
a slide-in seating 97 allowing movement in the direction of 
the longitudinal axis of the inner housing. In order to 
stabilize the orientation of the inner housing 90, supporting 
elements 120 are provided that are fixed, for example welded, 
at the end adjoining the outer housing and/or at the end 
adjoining the inner housing. The supporting elements 120 are 
preferably bent sheet metal, which in an advantageous 
embodiment have a fork-shaped design, so that a cooling air 
stream can flow through the supporting elements practically 
unhindered, i.e. without loss of pressure, through the prongs 
of such a fork shape. The supporting elements and/or the 
elements of the slide-in seating 97 are preferably arranged in 
pairs on opposite sides of the inner housing 90 . 

FIG 7 shows a preferred embodiment of a combustion chamber 
according to the invention, the housing 150 being suspended in 
a self-supporting arrangement. This means that it is only 
supported in the area of a hot gas outlet orifice 155 (by 
means of an interlocking joint for example) and in the area of 
a burner installation receptacle 160 (by means of a tongue- 
and-groove joint for example). The housing can move freely 
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between the two supports so that the housing 155 can perform 
thermal expansion movements, for instance, unhindered. 

A cooling air stream L" . which enters through air inlet 
orifices in the wall structure 170, travels along the surface 
of the housing 150 facing the wall structure 170. and cools 
said surface convectively . The cooling air stream L' ' can also 
pass through orifices, for instance holes, in the burner 
installation receptacle 160, and be fed to a burner 180 to 
take active part in the combustion. In this exemplary 
embodiment of the invention, the burner is inserted directly 
in the combustion area inside the housing 150. 

FIG 8 shows an exemplary embodiment of the invention in which 
a housing 150 of a combustion chamber according to the 
invention is connected to a burner installation receptacle 160 
that is designed as an inner housing of an individual 
combustion chamber 190. The housing 150 is in this case also 
only supported in the area of a hot gas outlet orifice 155 and 
in the area of a burner installation receptacle 160, for 
example by an interlocking joint and a tongue-and-groove joint 
respectively. The housing can move freely between these two 
supports, so that the housing 55 can perform thermal expansion 
movements, for instance, unhindered. A cooling air stream L" 
is introduced through orifices in the wall structure 170 and 
travels along the side of the surface of the housing 150 
facing the wall structure 170, cooling it by convection. 

in this exemplary embodiment of the invention, the burner 180 

is not inserted directly in the internal area of the 

housing 150, but is arranged in an individual combustion 

chamber 190 that is surrounded by an inner housing. 

FIG 9 shows the individual parts 200 of a housing of a 
combustion chamber according to the invention, where the 
housing sections 200 have longitudinal ribs 210 for increasing 
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their rigidity. These longitudinal ribs 210 can be inserted 
into a slot made with a corresponding negative shape in the 
wall structure. In addition, the housing sections 200 have 
curved circumferential slots (not shown in more detail; see 
FIG 10 for details) , which take up movements of the housing in 
the circumferential direction, for example, and which can be 
inserted in slots made with corresponding negative shapes in 
the wall structure. 

FIG 10 shows a housing of a combustion chamber according to 
the invention consisting of a plurality of housing sections, 
which is connected to an individual combustion chamber 260. 

An inner housing 260 of an individual combustion chamber is 
connected, for example by means of a tongue-and-groove joint, 
to four housing sections 200 having the design as shown in 
FIG 9, as can be seen in FIG 10. The housing sections 200 have 
longitudinal ribs 210, which are inserted in a slot made with 
a corresponding negative shape in the wall structure 300 in 
the form of a tongue-and-groove joint. 

in addition, the housing sections 200 have curved 
circumferential ribs 220 which run in circumferential slots 
made with a corresponding negative shape in the wall 
structure, although this is not shown in the figure. 

The embodiment described allows easy replacement of the 
annular combustion chamber lining, i.e. the housing composed 
of a number of housing sections, without the need to open up 
the outer housing, i.e. the wall structure 30. The housing is 
dismantled by dismantling the inner housing 260 surrounding an 
individual confcustion chamber and then pulling the housing 
sections 210 out of the aforementioned slots. This is 
particularly easy to do because the housing consists of a 
number of housing sections 200 that are guided out of, or 
into, the correspondingly shaped slots in the wall 



WO 02/088601 



25 



PCT/EP02/04540 



structure 300, preferably in pairs, during dismantling or 
assembly respectively. In this embodiment, the housing of the 
combustion chamber according to the invention composed of a 
plurality of housing sections 200 is held in a self-supporting 
5 arrangement so that it can be dismantled easily as described. 



